Objectives: To investigate the association of seatbelt nonuse with injury patterns, injury severity, and in-patient hospital admission among adults presenting to emergency departments (EDs) in a statewide, population-based, sample of motor vehicle crashes.
I
njuries and death from motor vehicle crashes present an enormous challenge to our health care system and create a significant societal and economic burden in this country. Motor vehicle crashes are the leading cause of death for ages 2 through 33 years. In 2003 there were 2,889,000 people injured and 42,643 deaths in the United States attributable to crashes. 1 For the year 2000, the National Highway Traffic Safety Administration (NHTSA) estimated the economic cost of crashes to be greater than $230 billion. 2 Many studies have indicated the effectiveness of seatbelts in reducing injury and hospital admissions from motor vehicle crashes. [3] [4] [5] [6] [7] [8] Evaluation of the impact of seatbelt usage on Emergency Department (ED) patients, however, has been limited because previous studies relied on data from a single ED or trauma registry. To the best of our knowledge, the broader population impact of seatbelt usage on ED patients has not been described.
Our study used the Wisconsin Crash Outcome Data Evaluation System (CODES) to compare the characteristics between unbelted and belted occupants among ED patients, as well as to investigate the association of seatbelt nonuse with sustaining injury and being admitted to an inpatient unit from an ED. This study seeks to broaden our knowledge of the full impact that seatbelt use has on patients presenting to EDs in a defined population. The CODES database contains statewide crash, hospital, and ED data for all police-reported crash occupants and presents the opportunity to better examine the characteristics of crashes, injuries, and outcomes of occupants presenting to the ED. To our knowledge, this is the first study to use linked ED data in CODES.
METHODS

Study Design
This study used the Wisconsin CODES database. 9, 10 CODES links police data on motor vehicle crashes with hospital discharge data on crash occupants, which contains medical and financial outcome information. In Wisconsin, data from the Department of Health and Family Services and the Wisconsin Department of Transportation are linked and studied by analysts at the Center for Health Systems Research and Analysis. At the present time, 30 states have received funding to implement CODES data, and of those states, 15 have linked ED data for at least one year. In Wisconsin, all hospitals provide data into both the inpatient and ED discharge system. The data collected for the ED is from hospital-based emergency departments and does not include urgent care facilities. Police reports are filed for all crashes in which police believe that the vehicle damage is greater than $1,000, and compliance is estimated to be close to 100%. Because of the fact that personal identifiers are limited in the data for confidentiality reasons, a probabilistic linking process is used to merge the Wisconsin hospital discharge data and the police-reported crash data. Some factors used in the probabilistic linkage are gender, age, zip code of residence, and date of crash. By using the date of the crash in the probabilistic linkage, crashes that cross years, for example, a crash in late 2001 and hospitalization in early 2002, are accounted for in the linkage. The linkage rate for Wisconsin CODES is estimated to be 85%. Funding for CODES is provided by the National Traffic Safety Administration (NHTSA) through the Wisconsin Department of Transportation (WisDOT). We selected the year 2002 for this analysis, because this is the first year that CODES included ED data in the database. The protocol was reviewed and granted exempted status by the institutional review board at the Medical College of Wisconsin.
Study Setting and Population
Data from CODES for the year 2002 contained records of 341,481 occupants who were involved in motor vehicle crashes in Wisconsin. Of these occupants, 32,512 presented to an ED after the motor vehicle crash. For the study, adult (aged 16 and older) drivers and passengers of vehicles designated as automobiles and trucks who presented to an ED were included in the analysis. Subjects were excluded if they were pedestrians (n = 1,255) or if their vehicle was a motorcycle (n = 1,502), bus (n = 261), bicycle (n = 734), or equipment vehicle (n = 33). Also excluded were subjects younger than 16 years old (n = 3,063) and those who had missing information on seatbelt use (n = 1,231), age (n = 2), or gender (n = 18), as well as if the posted speed limit (e.g., speed limit <5 miles per hr [n = 2,730]) was invalid or if they were only wearing lap belts (n = 420), because of different patterns of injury and increased likelihood that these occupants were in older vehicles that lacked safety features found in newer cars. 11 The final pool of subjects used for analysis consisted of 23,920 individuals who were admitted to the emergency department as a result of a motor vehicle crash in 2002 in Wisconsin (male: 43.9%, n = 10,506; female: 56.1%, n = 13,414).
Study Protocol
By using the ICD-9 code for the primary diagnosis for all subjects who had hospital records, abbreviated injury scores (AIS), maximum abbreviated injury scores (MAIS), and injury severity scores (ISS) were calculated by using ICDMAP-90 software (Johns Hopkins University and Tri-Analytics, Inc, Baltimore, MD). Regional injuries in the following eight regions were included: head, face, neck, thorax, abdomen, spine, upper extremity, and lower extremity. Injuries in these regions were classified into two groups: any injury being defined as MAIS > 0 and moderate to severe injury being defined as MAIS R 2.
12 Injury severity scores were considered as both continuous and categorical (defined as 0 = no injury, 1-8 = minor injury, 9-15 = moderate injury, and R16 = serious to severe injuries).
According to the outcome of the treatment in the ED, subjects were categorized into the following groups: ED total = all patients who presented to an ED (n = 23,920); discharged from ED = all patients treated in an ED and then discharged (n = 21,493); admitted from ED = all patients treated in an ED and admitted to an inpatient unit (n = 2,377); and died in ED = all patients who died while in an ED (n = 50).
On the basis of data derived from the police report, the ejected groups were defined as not ejected and ejected, which included those occupants who were classified as totally ejected and partially ejected. Airbag groups were defined as deployed, non-deployed, no equipment, and unknown. Seat location groups were defined as driver, front passenger, and rear passenger. Type of collision groups were defined as rear end, angle, other, unknown, and single vehicle, which consisted of crashes involving only one vehicle, such as rollovers. Vehicle damage groups were defined as minor when the damage was ''very minor'' and ''minor,'' and as moderate, severe, and very severe as determined by the police who were on scene according to a seven-level scale: 0 = none, 1 = very minor, 2 = minor, 3 = moderate, 4 = severe, 5 = very severe, and 6 = unknown. Urban or rural class groups were defined as rural and urban on the basis of the area in which the crash occurred, with rural being defined as a town in which the population is less than 5,000. Collision location groups were defined as intersection and non-intersection. Alcohol groups were defined as no use and used, on the basis of the opinion of the police officer on the scene of the crash. On the basis of data derived from the hospital record, the insurance-payer groups were defined as private, self-pay, unknown, and government; the last included Medicare, Med Assist, and other government insurance payers.
Data Analysis
Data management and analysis was performed by using STATA statistical software (version 8.0 for Windows; Stata Corporation, College Station, TX). Statistical significance was defined as p < 0.05 (two tails), unless otherwise specified. Simple descriptive statistics of characteristics of occupants, ED charges, vehicle, and crash by ED group as well as by seatbelt use were obtained. Percentages of unbelted occupants in various injury categories by ED group were obtained.
A separate logistic regression model was created for each of the eight body regions to calculate odds ratios (ORs) of sustaining any injury (MAIS > 0) to that region if unbelted, controlling for age, posted speed, gender, alcohol use, insurance payer, airbag, seat location, type of collision, vehicle damage, urban or rural class, and collision location. Covariate selection was based on an attempt to control for factors felt to be related to crash outcomes and on previous findings in the literature. 11, [13] [14] [15] [16] Eight additional models were created to calculate the odds ratios (ORs) of sustaining a moderate to severe (MAIS R 2) injury to each of the eight body regions if unbelted, controlling for the same covariates. Because of the multiple comparisons of the eight regions for any injury as well as for severe injury, p-values were adjusted on the basis of Bonferroni correction (a = 0.05/8 = 0.006).
To investigate the association of seatbelt nonuse with being admitted to an inpatient unit after treatment in an ED, a logistic regression model was created to calculate All data are percentages unless otherwise indicated. Dash indicates that data for these items were not available. ED groups, by definition: ED Total = all patients who presented to ED; Discharged from ED = all patients treated in ED and discharged; Admitted from ED = all patients treated in ED and admitted to inpatient unit; Died in ED = all patients who died while in ED. * The n for ED charge excludes those patients admitted from the ED to an inpatient unit (n = 1,336 seatbelt used; n = 1,041 seatbelt not used). y The following groups were not included because of small numbers: unknown of insurance payer (0.3% to 0.6%); unknown of seat location (0.1% to 0.3%).
the OR of being admitted if unbelted, again controlling for age, posted speed, gender, alcohol, insurance payer, airbag, seat location, type of collision, vehicle damage, urban or rural class, and collision location.
RESULTS
The characteristics of occupant, vehicle, and crash by ED group are shown in Table 1 . In comparison to occupants who were discharged from the ED, those who were admitted or died had a higher mean age and were involved in crashes on roads with higher posted speed limits. Occupants in the admitted and died groups also had a higher proportion of males, alcohol use, self pay as the primary insurance payer, ejection from the vehicle, airbag deployment, single-vehicle collisions, and rural collision location. Seatbelt nonuse varied greatly among the three groups. Compared with crash occupants seen and discharged from the ED, seatbelt nonuse was more than twice as high in crash occupants admitted from the ED and was more than three times greater in crash occupants seen in the ED who died.
The characteristics of the occupant, vehicle, and crash by seatbelt use for patients who presented to an ED are shown in Table 2 . Unbelted occupants had a lower mean age and higher mean posted speed than belted individuals. In addition, for occupants who were treated and discharged from the ED, those unbelted had a 25% higher median ED charge than did belted occupants. Unbelted occupants had a higher proportion of male gender, alcohol use, self-pay as the primary insurance payer, no airbag equipment, and single-vehicle-type collisions. Unbelted occupants also had a higher proportion of very severe vehicle damage and rural crashes and had a lower proportion of crashes that occurred in an intersection.
The percentages of unbelted occupants in various injury categories by ED group are shown in Table 3 . For all three ED groups, the most common regions with any injury (MAIS > 0) were the head and face. The spine was the least common region with any injury for both the ED total and discharged from ED groups, and the thorax was found to be the least common region with any injury in the admitted from ED group. For moderate to severe injury (MAIS R 2), the head and face regions were also the most common regions to be injured in unbelted occupants for all three ED groups. For the least common regions to sustain moderate to serious injury (MAIS R 2), all three ED groups differed. Specifically, the least common regions to sustain this degree of injury were the upper extremity for the ED total group, the abdomen for the discharged from ED group, and the spine for the admitted from ED group.
For any injury (MAIS > 0) to multiple body regions, the percentage of unbelted occupants can be seen to increase for each additional region injured. This trend was similar for all three ED groups. An analogous relationship also can be seen in the increasing percentage of unbelted occupants in each additional body region with moderate to severe (MAIS R 2) injury, and this trend was similar for all three ED groups. For injury severity (ISS), a corresponding increase in the percentage of unbelted occupants can be seen as the categories of injury increase in severity. This trend also existed for all ED groups.
The adjusted ORs of unbelted occupants to sustain any injury (MAIS > 0) as well as moderate to severe injury (MAIS R 2) for eight body regions are depicted in Figure  1 . Unbelted occupants were significantly more likely to suffer any injury (MAIS > 0) to the head, face, abdomen, and lower extremity but were less likely to suffer any injury to the spine and upper extremity body regions. There was no significant difference for the thorax body region. For moderate to severe injuries (MAIS R 2), unbelted occupants were more likely to suffer an injury to * The n for ED charge excludes those patients admitted from the ED to an inpatient unit (n = 1,336 seatbelt used; n = 1,041 seatbelt not used). y The following groups were not included because of small numbers: unknown of insurance payer (0.3% to 0.5%); unknown and other of seat location (0.03% to 1.0%).
all seven regions. Because of small numbers of neck injury for any injury (n = 26) and severe injury (n = 7) categories, data for this region were excluded from the interpretation of results. Of the unbelted occupants presenting to an ED, 19.7% were admitted to an inpatient unit compared with 7.2% of the belted occupants, and 0.64% died in ED compared with 0.09% of the belted individuals. When we used a regression model, unbelted occupants were three times more likely to be admitted than belted occupants (OR = 3.18, 95% CI = 2.91 to 3.47), and this relationship persisted even after controlling for age, posted speed, gender, alcohol, insurance payer, airbag, seat location, type of collision, vehicle damage, urban or rural class, and collision location (OR = 2.62, 95% CI = 2.36 to 2.91).
DISCUSSION
Although many benefits of seatbelt use have been reported previously, [3] [4] [5] [6] [7] [17] [18] [19] [20] the addition of ED data to the statewide population database (CODES) allows a more complete analysis of the effects of seatbelt use on patients presenting to EDs. This more representative statewide population allows our study to expand the knowledge of the substantial effect that seatbelt nonuse has on the presentation and outcome of occupants presenting to the ED and does not rely on the experience of a single ED, as was common in previous studies. [3] [4] [5] [6] [7] [8] Findings from our study indicate that occupants who do not use seatbelts are typically male, young, and more likely to have used alcohol, all of which are consistent ED groups defined as ED Total = all patients who presented to ED, excluding those who died in the ED (n = 23,870); Discharged from ED = all patients treated in ED and discharged (n = 21,493); Admitted from ED = all patients treated in the ED and admitted to an inpatient unit (n = 2,377). ISS = Injury Severity Score; no injury = 0; minor injury = 1-8; moderate injury = 9-15; serious to severe injury = R16. MAIS = maximum abbreviated injury scores. * ED Total group excludes patients who died in ED (n = 50) because of potential inaccuracy of the injury data for these patients.
with previous findings. 3, 7, 8, 13 In addition, we found that unbelted occupants have a higher proportion of singlevehicle crashes, such as rollovers and striking inanimate objects, and rural crashes. Compared with belted individuals, unbelted occupants had a higher proportion of being admitted to an inpatient unit or dying in the ED. Our study also found that for occupants treated and discharged from the ED, those who were unbelted had 25% higher ED charges and were more commonly self-pay. These findings have important medical and policy implications for trauma systems and injury prevention.
Consistent with previous research, our results showed an increased likelihood of any injury (MAIS > 0) to the face, head, abdomen, and lower extremities for unbelted occupants presenting to the ED. 3, 4, 21, 22 Limiting the analysis to moderate to severe injuries (MAIS R 2), we were able to demonstrate an increased likelihood for injury to not only the face, head, abdomen, and lower extremities, but to the spine and upper extremities as well. Interestingly, our results indicated a decreased likelihood for any injury (MAIS > 0) to the spine and upper extremities, yet an increased likelihood for moderate to severe injury (MAIS R 2) for unbelted occupants to these regions. These results suggest that unbelted individuals may be less likely to sustain minor, sprain-type injuries (MAIS = 1) to these two regions when compared with belted individuals. [22] [23] [24] However, it is apparent that seatbelt nonuse has a substantial impact on the types and severity of injury presenting to the ED, and increase in usage of seatbelts can have a substantial role in reducing injury from motor vehicle crashes, especially for moderate to severe types of injury.
Several studies have compared the percentages of unbelted and belted occupants who require admission from an ED to an inpatient unit. 3, 7, 20 After controlling for several covariates, our study determined that an unbelted occupant is more than twice as likely to be admitted to the hospital than a belted occupant. Unbelted occupants create a significant burden on the healthcare system, and increasing seat belt usage and compliance would, therefore, have substantial health and economic consequences.
Our study informs both clinicians and policy makers of the substantial health care impact that seatbelt nonuse has for crash victims presenting to the ED. Despite the significance of seatbelt use in motor vehicle injury prevention, to the best of the authors' knowledge, public health efforts to increase seat belt usage have not been maximized and remain challenging. As of 2005, only 21 states in the United States have primary-enforcement seatbelt laws. It has been well demonstrated that replacing a secondary-with a primary-enforcement law increases seatbelt usage rates 10% to 15% 25 and significantly reduces injury and fatality. 4, 26 This study, by drawing from a more representative statewide population, further contributes and expands our understanding of motor vehicle crash occupant outcomes that should inform public health policy decision makers.
LIMITATIONS
Our study has the potential of overreporting of seatbelt usage. Previous studies have published data that rely on occupant reporting of seatbelt usage and have consistently higher reported rates than observed rates. 7, 11, 13, 26 In the study year, occupants with information for seatbelt use reported a 78% rate of seatbelt usage, in contrast to the observed usage rate of 66% for that same year. 27 However, seatbelt usage appears to be overestimated for all but those who are seriously injured or killed.
A potential limitation with the CODES database is the loss to follow up in the process of probabilistic linkage. At the current time, CODES data are unable to establish a probabilistic linkage of an occupant of a motor vehicle crash who was transported to an ED in a different state. Although we speculate that the 15% of occupants who are not successfully linked because of this (or other unknown) reasons will not significantly differ with those occupants who were included in the database, the exact impact on our study is unknown.
Another study limitation involves the lack of information on the change of velocity (DV, km/h) during the crash in the CODES data set. Studies have shown that DV is an important component of the complex interaction of factors involved in the severity of an injury sustained in a crash. 28, 29 The lack of this variable limits our ability to fully adjust for the severity of a crash, resulting in an overestimation of the effect of seatbelts if unbelted individuals are more likely to be involved in severe crashes. 30 An additional limitation in our study is the potential impact of unbelted occupants on other occupants in a motor vehicle collision. Several studies have indicated that unbelted occupants may increase the risk of death and injury for other occupants, [31] [32] [33] and though reported seatbelt usage rates were 78%, the true impact of this on our study is unclear.
CONCLUSIONS
By using a statewide, population-based sample of motor vehicle crashes, our study found that among patients presenting to an ED after a motor vehicle crash, unbelted occupants are more likely than belted occupants to have sustained severe injury to numerous body regions and to require inpatient admission.
